ABSTRACT: Subcomponent self-assembly of two isomeric bis(3-aminophenyl)pyrenes, 2-formylpyridine and the metal ions Fe II , Co II , and Zn II led to the formation of two previously unidentified structure types: a C 2 -symmetric M II 4 L 6 assembly with meridionally coordinated metal centers, and a C 3 -symmetric self-included M II 4 L 6 assembly with facially coordinated metal centers. In both structures the meta linkages within the ligands facilitate π-stacking between the pyrene panels of the ligands. A C 2h -symmetric M II 2 L 2 box was also obtained, which was observed to selectively bind electron-deficient aromatic guests between two parallel pyrene subunits. Similar donor−acceptor interactions drove the selective self-assembly of a singular M II 4 L 4 L′ 2 architecture incorporating both a pyrene-containing diamine and an electron-deficient NDI-based diamine. This heteroleptic architecture was shown to be thermodynamically favored over the corresponding homoleptic M II 4 L 6 and M II 4 L′ 6 complexes, which were nonetheless stable in each others' absence. By contrast, an isomeric pyrene-based diamine was observed to undergo narcissistic self-sorting in the presence of the NDI-based diamine.
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■ INTRODUCTION
The synthesis of new metal−organic architectures 1 has received attention due to their applications in molecular recognition, 2 separations, 3 reactivity modulation 4 and catalysis 5 and as part of a broader interest in the design of complex self-assembled structures from simple components.
1b Knowledge of geometrical principles and the stereoelectronic preferences of metal ions combined with the use of rigid multidentate ligands has led to the rational design 6 of a diverse range of highly symmetric 7 polyhedral architectures including tetrahedra, 8 cubes, 9 octahedra, 10 dodecahedra 11 and spheres. 12 However, the relationship between the chemical structure of a supramolecular building block and the three-dimensional architecture into which it selfassembles is not well established, and even relatively simple self-assembly reactions that employ only a single ligand type (i.e., homoleptic) frequently have outcomes guided more by serendipity than design. 13 Functional structures in biological systems are often assembled from many different building blocks in a precise geometric arrangement; 14 mimicking this route to structural complexity in synthetic systems offers a means of achieving the more sophisticated functions associated with structural complexity. One approach to increasing the intricacy of selfassembled architectures is to increase the number of distinct components that comprise them. 15 Heteroleptic self-assembly (i.e., employing more than one type of ligand) has been shown to produce unusual and complex supramolecular architectures that often exhibit lower symmetries than their homoleptic counterparts. 16 Such heteroleptic metal−organic assemblies 17 frequently incorporate ligands with different donor atoms, 18 although examples incorporating ligands with similar coordinative environments 19 are also known. The rational design of such architectures remains challenging and new reports of complex heteroleptic assemblies will be crucial for elucidating the design principles 17, 20 behind their construction. Although the formation of metal−ligand bonds often provides the predominant means of defining the structures of self-assembled metal−organic architectures, other factors, such as steric hindrance 21 and templation by ionic 22 or neutral guests, 23 can also influence the outcome of self-assembly processes. Electrostatic interactions between electron-rich and electron-poor aromatics provide an important driving force in the self-assembly of foldamers, 24 rotaxanes, 25 catenanes, 26 inclusion complexes 27 and polymers. 28 We have recently demonstrated that such donor−acceptor interactions can be used to prepare a dynamic combinatorial library (DCL) of polycatenated tetrahedra from a dynamic Fe 4 L 6 tetrahedral cage containing electron-deficient naphthalenediimide (NDI) based ligands. 29 Aromatic stacking interactions between electron-poor and electron-rich ligand fragments have also been shown to contribute substantially to the stability of pyridyl-pyrazole based coordination cages, 9a suggesting that the influence of such π-stacking interactions 30 on the assembly of metal−organic architectures bears wider exploration.
Subcomponent self-assembly 31 has been demonstrated to be a versatile approach for the construction of increasingly complex metallosupramolecular architectures. In many cases, small changes to the structure of a subcomponent can produce major changes in the architecture and recognition properties 23b,32 of the resulting assemblies. Herein we demonstrate the preparation of two structurally distinct nontetrahedral M II 4 L 6 assemblies from two isomeric pyrene-containing diamines. Meta-substituted anilines were chosen to bring the ligand arms close enough to undergo π-stacking, in contrast to previously reported M II 4 L 6 cages prepared from analogous parasubstituted anilines, for which no such interactions were observed. 32 Furthermore, we show that favorable pyrene-NDI π-stacking interactions can be used to direct the self-assembly of a unique triple-decker heteroleptic M were each prepared in a single step from commercially available starting materials via Pd-catalyzed Suzuki−Miyaura crosscoupling reactions 33 (synthetic details are provided in the Supporting Information). The ligands derived from the condensation of diamines A and B with 2-formylpyridine (L A and L B respectively) possess offset coordination vectors, which may be arranged in different orientations, rendering the outcome of their self-assembly with octahedral metal ions difficult to predict through established rational design principles.
The reaction of diamine A (6 equiv) with 2-formylpyridine (12 equiv) and zinc(II) bis(trifluoromethane)sulfonimide (Zn(NTf 2 ) 2 , 4 equiv) in CH 3 CN at 323 K yielded a new product Zn-1 (Scheme 1, (i)) with a well-resolved but complicated 1 H NMR spectrum. All peaks between 4.9 and 9.7 ppm displayed a single diffusion constant in the diffusion ordered 1 H NMR (DOSY) spectrum, suggesting that they belonged to a single species. One-dimensional pure shift (PSYCHE) 34 and two-dimensional NMR spectroscopy allowed the assignment of the major peaks to six magnetically distinct environments of equal intensity per ligand proton, consistent with the formation of a product of C 2 symmetry. Electrospray II ) through three alternative routes: (v) subcomponent selfassembly of M(NTf 2 ) 2 , B, C and 2-formylpyridine in a 2:2:1:6 ratio, (vi) reaction of homoleptic assemblies M-2 and M-4 in 2:1 ratio, or (vii) addition of C (1 equiv) and 2-formylpyridine (2 equiv) to M-3. All reactions were carried out in acetonitrile. One or two ligands are shown in the schematic representations for clarity, with additional ligands being represented as lines between the metal centers (shown as green spheres).
ionization mass spectrometry (ESI-MS) of Zn-1 was consistent with the formulation Zn II 4 L 6 . The solid-state structure of Zn-1 was elucidated by singlecrystal X-ray analysis. The crystal structure revealed a Zn II 4 L 6 assembly composed of four meridionally coordinated octahedral zinc centers bridged by six bis(pyridylimine)ligands (Figure 1 ). The complex can be regarded as being composed of two double helical Zn II 2 L 2 units (Zn−Zn separations 17.2− 17.4 Å) further linked together by two axial ligands (Zn−Zn separations 11.5−11.9 Å). The four zinc centers in Zn-1 are roughly coplanar, and form a rhomboid with the complex possessing approximate C 2 point symmetry. The structure is stabilized by face-to-face π-stacking interactions between the two pyrene backbones of each Zn 2 L 2 helicate and numerous CH-π interactions. The meridional coordination in Zn-1 differs from the facial coordination observed in the majority of M 4 L 6 assemblies which typically display a (pseudo)tetrahedral array of metal centers; rare examples of such assemblies with one fac center and three mer centers 35 or four mer centers 36 have also been reported.
The solid state structure of Zn-1 is consistent with the NMR and ESI-MS data obtained from solution-based studies. The two distinct types of mer center in the structure are consistent with the six nonequivalent NMR environments observed in the 1 H NMR spectrum of Zn-1. Several proton resonances, including one imine signal at 4.97 ppm, appear significantly upfield-shifted as a result of CH-π interactions with the pyrene units. Minor peaks were observed in the 1 H NMR spectrum of Zn-1, corresponding to less than 10% of the total integrated intensity, which we infer to correspond to other isomers. The assembly of Zn-1 is thus not perfectly selective, although more than 90% so.
Similarly, the reaction of A (6 equiv) with 2-formylpyridine (12 equiv) and Co(NTf 2 ) 2 (4 equiv) at 323 K in CH 3 CN yielded a Co II 4 L 6 assembly as confirmed by ESI-MS. The 1 H NMR spectrum also revealed six magnetically distinct environments per ligand proton, with the signals spread over the range −36 to +273 ppm as a result of the paramagnetism of Co II . Single-crystal X-ray analysis of the product Co-1 confirmed it to be isostructural with Zn-1. By contrast, when Fe(NTf 2 ) 2 was employed in the self-assembly reaction a broad and intractably complicated 1 H NMR spectrum was observed, inconsistent with the formation of a single well-defined species in solution. No further changes to the NMR spectrum were observed upon heating the mixture to 353 K for 7 days. We infer the slightly distorted octahedral geometry present in the structures of Zn-1 and Co-1 to be incompatible with the rigid geometrical requirements imposed by low-spin iron(II). 22a, 37 The reaction of diamine B (6 equiv) with 2-formylpyridine (12 equiv) and Zn(NTf 2 ) 2 (4 equiv) in CH 3 CN at 323 K yielded a new product Zn-2 (Scheme 1, (iii)), which was also confirmed to have Zn II 4 L 6 stoichiometry by ESI-MS. The 1 H NMR spectrum of Zn-2 was sharp and well resolved; twodimensional NMR spectroscopy allowed the assignment of the major set of peaks to four distinct ligand environments. The DOSY spectrum was consistent with the presence of a single species in solution. Similarly, the reaction of B (6 equiv) with 2-formylpyridine (12 equiv) and Fe(NTf 2 ) 2 or Co(NTf 2 ) 2 (4 equiv) in CD 3 CN yielded M II 4 L 6 assemblies Fe-2 and Co-2, as confirmed by ESI-MS. When these reactions were carried out at 323 K, the 1 H NMR spectra of the reaction mixtures showed multiple broad peaks suggesting the presence of complex mixtures of species; however, subsequent heating at 353 K for 24 h led to the formation of products displaying sharp, wellresolved spectra consistent with the presence of a single product with four magnetically distinct environments per ligand proton.
Vapor diffusion of benzene into an acetonitrile solution of Fe-2 afforded crystals suitable for single-crystal X-ray diffraction analysis. Two representations of the X-ray structure of Fe-2 are shown in Figure 2 . The structure consists of four facially coordinated octahedral iron(II) centers in a pseudotetrahedral arrangement linked by six bis-bidentate ligands. The complex displays two distinct ligand configurations: Three basal ligands are arranged on the outside of the structure, bridging between pairs of iron(II) centers around the bottom face of the pseudotetrahedron (Fe−Fe distances 16.2−16.6 Å). Three axial ligands occupy the interior of the structure, each linking the apical iron(II) center with one of the basal iron(II) centers (Fe−Fe distances 16.6−17.5 Å). The pyrene backbone of each axial ligand undergoes face-to-face π-stacking with the pyrene moiety of a basal ligand, with pyrene−pyrene distances of 3.4− 3.6 Å; the three pairs of π-stacked pyrenes completely occupy the tetrahedral cavity, eliminating any possible internal void space. The interior pyrenes also undergo edge-to-face stacking with each other, with CH-pyrene separations of 2.54−2.81 Å. All four iron(II) centers within a single assembly display the same Δ or Λ chirality; both enantiomers of Fe-2 are present in the unit cell, related through inversion symmetry. The structure displays noncrystallographic C 3 symmetry, with a 3-fold symmetry axis passing through the center of the basal face ( Figure 2 ). The nature of the C 3 symmetry observed in Fe-2 is distinct from that observed in previously described C 3 -symmetric M 4 L 6 cages, which possess a ΔΔΔΛ or ΛΛΛΔ arrangement of metal centers. 32, 38 The solution NMR data for assemblies M-2 (M = Fe II , Co II , Zn II ) are all consistent with the solid state structure of Fe-2, with the basal metal centers giving rise to three distinct All 52 proton environments in the 1 H NMR spectrum of Fe-2 were assigned using a combination of selective 1D TOCSY, NOESY and ROESY techniques. Selective 1D TOCSY (SI, Figures S26−S30) clearly highlighted the four sets of pyridyl-and aniline-derived spin systems. Unexpectedly, 1D selective NOESY and ROESY measurements revealed the outer pyrene rings of Fe-2 to rotate slowly on the NMR time scale, indicating that the complex is remarkably flexible despite the close contacts between pyrene subunits observed in the crystal structure. 1D selective EXSY NMR revealed the approximate rate of rotation to be 0.18 ± 0.04 s −1 at 298 K, approximately one rotation every 4−6 s (SI, Section S3.3.2). The dynamic behavior of Fe-2, despite the apparent internal steric hindrance, has more general implications in the context of how supramolecular hosts might distort to allow the passage of large guests through small pores in their frameworks. 39 When a mixture of the two diamines A (3 equiv) and B (3 equiv), 2-formylpyridine (12 equiv) and Zn(NTf 2 ) 2 (4 equiv) in CD 3 CN was heated to 323 K, a clean mixture of the homoleptic assemblies Zn-1 and Zn-2 was observed after 24 h, as confirmed by 1 H NMR (Scheme 2, Figure S86 ). We infer the narcissistic self-sorting 40 of the fac-and mer-based assemblies to be due to geometrical differences imposed by the metalcentered stereochemistry in the two assemblies, as well as favorable π-stacking within each individual assembly.
Self-Assembly and Guest-Binding Properties of a M 2 L 2 Box. The reaction of diamine B with 2-formylpyridine and Zn(NTf 2 ) 2 in a 1:2:1 ratio gave rise to a unique product, Zn-3 (Scheme 1, (ii)). In contrast to the complicated 1 H NMR spectrum of Zn-2, the new product showed a single major set of resonances for each ligand proton. ESI-MS was consistent with formation of a Zn II 2 L 2 assembly. Under the same conditions Co(NTf 2 ) 2 also gave rise to a Co II 2 L 2 assembly, although the 1 H NMR spectrum was significantly broadened in comparison with that of Co-2. However, when Fe(NTf 2 ) 2 was employed under analogous circumstances, only peaks corresponding to Fe-2 could be identified in the 1 H NMR and ESI-MS spectra, indicating the high stability of Fe-2 relative to a putative Fe 2 L 2 assembly, which could not satisfy the preference of iron(II) for a tris(pyridylimine) coordination sphere.
Single crystal X-ray diffraction revealed the structure of Zn-3 to be a box-like achiral complex, or "mesocate"
41 of approximate C 2h symmetry, in which each of the two ligands bridges metal ions of opposite handedness, rather than linking between metal ions of identical handedness ( Figure 3a) . Each octahedral zinc(II) center is coordinated by a bidentate pyridylimine arm from each ligand, with the remaining two coordination sites occupied by acetonitrile solvent molecules. The two zinc(II) centers are separated by 18.6375(9) Å; the ligand thus adopts a more extended configuration in Zn-3 than in Fe-2. The two pyrene units are arranged in a parallel-offset orientation with respect to each other, separated by a distance of 6.72 Å, which precludes any aromatic stacking interactions. Single-crystal X-ray analysis of Co-3 ( Figure S105 ) confirmed it to be isostructural and isomorphous with Zn-3.
The pyrene−pyrene separation in Zn-3 prompted us to explore the possibility of intercalating planar aromatic guest molecules into Zn-3. The molecules shown in Figure 4 were screened as potential guests. Zn-3 was initially investigated as a host for the polycyclic aromatic hydrocarbons coronene, perylene, pyrene, triphenylene and napthalene. In all cases the 1 H NMR signals for Zn-3 appeared at the same chemical shifts (±0.03 ppm) as in the absence of the prospective guest, and the signals for the prospective guest were identical to those in the absence of host, suggesting that these molecules are not Scheme 2. Synthesis of Zn-1 and Zn-2 through Narcissistic Self-Sorting
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Article encapsulated by Zn-3. Next, we investigated Zn-3 as a host for the electron-poor aromatic molecules 1,4,5,8-naphthalene tetracarboxylic dianhydride, tetracyanoquinodimethane (TCNQ) and 3-nitro-1,8-naphthalic anhydride. In all cases shifts in signals of the 1 H NMR spectra of both host and guest were observed, consistent with fast-exchange host occupation on the 1 H NMR time scale. The binding of TCNQ was also confirmed in the solid state through single-crystal X-ray diffraction analysis (Figure 3b ). The structure of TCNQ⊂Zn-3 confirms that a single molecule of TCNQ intercalates within Zn-3, undergoing aromatic stacking interactions between the pyrene units, with an average distance of 3.41 Å separating the stacked rings, similar to the distance of 3.38 Å observed in the structure of pyrene-TCNQ. 42 The octahedral coordination sphere of each zinc(II) center is completed by one acetonitrile and one water molecule.
No binding was observed with spherical C 60 , indicating that Zn-3 does not undergo any guest induced rearrangement 23a under the experimental conditions employed.
Self-Assembly of a Heteroleptic M 4 L 4 L′ 2 Architecture. The binding of electron deficient guests within mesocate Zn-3 prompted us to explore the synthesis of heteroleptic assemblies by employing a ligand with electron deficient panels in place of the simple guests. We envisioned that favorable donor− acceptor stacking interactions 43 between the pyrene units of B and an electron deficient ligand may enable the self-assembly of heteroleptic metal−organic architectures that would otherwise be difficult to access through simple geometric design principles. Naphthalenediimide (NDI) based diamine C 44 was chosen for this purpose based on its similar size to diamine B. We report elsewhere the synthesis of Zn 4 L 6 tetrahedral cage Zn-4 from the subcomponent self-assembly of C with 2-formylpyridine and Zn(NTf 2 ) 2 (Scheme 1, (ii)). 44 Similarly, C was observed to form tetrahedral cages with iron(II) and cobalt(II) (see Supporting Information for further details).
The crystal structure of Co-4 was obtained during the course of this work ( Figure 5 ). Similarly to Zn-4, 44 Co-4 crystallized as the achiral S 4 (ΛΛΔΔ) diastereomer. This diastereomer was also the predominant one observed in solution for cages M-4 (M = Fe II , Co II , Zn II ), with small proportions of the homochiral T (ΔΔΔΔ/ΛΛΛΛ) and heterochiral C 3 (ΔΔΔΛ/ΛΛΛΔ) diastereomers also detected. The metal−metal separations in Co-4 are in the range 20.5−21.0 Å, slightly longer than those observed in Fe-2 and Zn-3. The NDI units in Co-4 are too far from each other to be involved in any intramolecular face-toface or edge-to-face π-stacking interactions.
In an initial experiment, diamine C (1 equiv) and additional 2-formylpyridine (2 equiv) were added to a solution of Zn-3 (1 equiv) in CH 3 CN and the mixture was maintained at 323 K for 24 h, giving rise to a clear orange solution (Scheme 1, (vii)). Examination of the 1 H NMR spectrum of the reaction mixture showed that the peaks for Zn-3 had disappeared and a new set of signals was observed that did not correspond to either of the homoleptic assemblies Zn-2 or Zn-4. A similar spectrum was obtained from the direct reaction of diamine B (4 equiv), diamine C (2 equiv), 2-formylpyridine (12 equiv) and Zn(NTf 2 ) 2 (4 equiv) in CH 3 CN at 323 K (Scheme 1, (v)). ESI-MS of the new product Zn-5 was consistent with the formulation Zn Figures S90 and S92) .
The solid-state structure of Zn-5 was determined by singlecrystal X-ray analysis. Two representations of this structure are shown in Figure 6 . The crystal structure revealed a Zn 4 L B 4 L C 2 sandwich structure composed of two fac Zn II centers, located at either end of the assembly, and two mer Zn II centers, in the middle of the assembly. The structure of Zn-5 is significantly elongated as compared to the assemblies obtained from each ligand individually, with a distance of 38.071(2) Å between the fac zinc centers at the far ends of the complex.
Each fac zinc center is connected to one central mer zinc center through two bridging pyrene-based L B ligands (Zn−Zn distance 18.534(1) Å) and to the other mer zinc center by a single bridging NDI-based L C ligand (Zn−Zn distance 20.769(2) Å), allowing the two ligands to be incorporated into the same assembly despite differences in their preferred metal−metal separations. This arrangement results in extensive π-stacking between the ligand backbones which are arranged into two pyrene−pyrene−NDI stacks with distances of ca. 3.5 Å between the mean planes of the stacked rings. The donor−donor−acceptor arrangement observed here contrasts with the complementary alternating stacks of donor and acceptor aromatic moieties that are generally regarded as the most favorable arrangement for providing optimum electronic overlap. 45 We infer that the pyrene−pyrene−NDI stacks in Zn-5 provide the maximum face-to-face π-stacking (thus minimizing solvent-exposed surface area) while at the same time positioning the ligand arms such that the octahedral coordination preference of the metal centers can be satisfied.
25a,39 Interestingly, conversion of Zn-3 to Zn-5 was also observed to take place in the presence of guests such as 
14,46
Self-Sorting Experiments. In order to investigate the generality of the synthesis of heteroleptic complexes such as Zn-5, mixed-ligand reactions were carried out with Zn(NTf 2 ) 2 , NDI-based diamine C and pyrene-based diamines A, D and E (Scheme 3). 32 The product distributions were analyzed by 1 H NMR and ESI-MS.
The reaction of diamines A (4 equiv) and C (2 equiv), 2-formylpyridine (12 equiv) and Zn(NTf 2 ) 2 (4 equiv) in CD 3 CN at 323 K gave a clean mixture of the homoleptic assemblies Zn-1 and Zn-4 (Scheme 3b) as confirmed by 1 H NMR ( Figure S76 ) and ESI-MS ( Figure S77 ). We infer that the system forms, in this case, homoleptic assemblies because the mismatch of the metal−metal distances imposed by L A and L C precludes the formation of π-stacks, such as those observed for Zn-5. By contrast, when a mixture of diamines D (4 equiv) and C (2 equiv), 2-formylpyridine (12 equiv) and Zn(NTf 2 ) 2 (4 equiv) in CD 3 (where x = 0−6) (Scheme 3c). The distribution of species observed by ESI-MS approximates a statistical distribution, indicating that all assemblies possess similar stability. The large number of overlapping resonances rendered NMR spectroscopy unsuitable for analyzing this complex system further and the dynamic nature of the library members precluded isolation of individual species from the mixture. 29 Similarly, a dynamic combinatorial library (DCL) of Zn 4 L E x L C (6-x) assemblies was also observed when diamine E was employed in the mixed-ligand self-assembly process (Scheme 3d). We infer that the use of bis(4-aminophenyl)-pyrene derivatives D and E prevents the pyrene units of the ligand from being brought into an orientation suitable for π-stacking with the NDI units of C; however, these ligands are 
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Article sufficiently similar in length to be incorporated into the same assembly without significant steric strain.
Finally, we probed the influence of the pyrene-NDI π-stacking as opposed to simple steric factors on the preferential self-assembly of heteroleptic structures of the type M-5. Pyrene-based diamine E was employed in place of NDI-based diamine C in the mixed-ligand self-assembly process; E has a nearly identical length and geometry to diamine C, differing in the more electron-rich character of its central aromatic unit. If steric factors were the dominant factor in the formation of M-5, we would expect diamine E to behave similarly to C. In this case, we chose to investigate the selfassembly process with iron(II), as we have previously observed diamine E to form a stable homoleptic M 4 L 6 assembly with iron(II). 32 ,47 A mixture of diamines E (2 equiv) and B (4 equiv), 2-formylpyridine (12 equiv) and Fe(NTf 2 ) 2 (4 equiv) in CD 3 
■ EXPERIMENTAL METHODS
General Methods. Unless otherwise specified, all starting materials were purchased from commercial sources and used as supplied. NMR spectra were recorded on a Bruker DRX-400, Bruker Avance 500 Cryo and a Bruker 500 TCI-ATM Cryo.
1 H Chemical shifts (δ) are reported in parts per million (ppm) and are reported relative to the solvent residual peaks. Low-resolution electrospray ionization mass spectra (ESI-MS) were obtained on a Micromass Quattro LC and highresolution mass spectra acquired using a Thermofisher LTQ Orbitrap XL.
Synthesis of Zn-1. Zinc(II) triflimide (54 mg, 0.086 mmol), 1,6-bis(3-aminophenyl)pyrene (A, 50 mg, 0.130 mmol) and 2-formylpyridine (25 μL, 0.24 mmol) were dissolved in acetonitrile (25 mL). The reaction mixture was stirred under nitrogen at 323 K for 24 h. The volume was reduced to 10 mL in vacuo. The solution was layered with diethyl ether (30 mL) 150.9, 150.4, 150.1, 149.8, 148.5, 147.9, 147.4, 147.3, 147.2,  147.0, 146.8, 146.8, 146.3, 146.0, 145.9, 145.3, 145.0, 144.5, 144.5,  144.1, 143.8, 143.6, 143.5, 143.0, 142.9, 142.8, 142.7, 137.1, 136.9,  135.9, 135.8, 135.7, 134.2, 133.1, 132.9, 132.6, 132.1, 132.1, 131.9,  131.8, 131.6, 131.5, 131.4, 131.4, 131.3, 130.9, 130.8, 130.6 Synthesis of Co-1. Cobalt(II) triflimide (50 mg, 0.071 mmol), 1,6-bis(3-aminophenyl)pyrene (A, 40 mg, 0.104 mmol) and 2-formylpyridine (20 μL, 0.21 mmol) were dissolved in acetonitrile (25 mL). The reaction mixture was stirred under nitrogen at 323 K for 24 h. The volume was reduced to 10 mL in vacuo. The solution was layered with diethyl ether (30 mL) and kept at −4°C for 24 h. The orange microcrystalline solid was filtered and washed with excess diethyl ether. Yield 66.5 mg, 66%. 147.6, 147.6, 147.5, 146.8, 144.0, 144.0, 143.7, 143.1, 143.0, 142.4 Synthesis of Fe-4. NDI diamine C (224 mg, 0.5 mmol), iron(II) triflimide (235 mg, 0.332 mmol) and 2-formylpyridine (95 μL, 1 mmol) were added to a Schlenk flask along with acetonitrile (15 mL). The flask was sealed and purged of dioxygen by three vacuum/ nitrogen fill cycles and sonicated for 0.5 h. The flask was heated at 323 K for 24 h. The crude product was purified from the starting material by filtration through Celite followed by precipitation with diethyl ether. Fe-4 was obtained as a purple powder (401 mg, 78% . Synthesis of Zn-5. Zinc(II) triflimide (24.4 mg, 0.039 mmol), 2,7-bis(3-aminophenyl)pyrene (B, 15 mg, 0.039 mmol), NDI diamine C (8.8 mg, 0.020 mmol) and 2-formylpyridine (11.3 μL, 0.12 mmol) were dissolved in acetonitrile (5 mL). The reaction mixture was stirred under nitrogen at 323 K for 24 h. The volume was reduced to 2 mL in vacuo. The solution was layered with diethyl ether (5 mL) and kept at −4°C for 24 h. The organge microcrystalline solid was filtered and washed with excess diethyl ether. Synthesis of Co-5. Cobalt(II) triflimide (27.6 mg, 0.039 mmol), 2,7-bis(3-aminophenyl)pyrene (B, 15 mg, 0.039 mmol), NDI diamine C (8.8 mg, 0.020 mmol) and 2-formylpyridine (11.3 μL, 0.12 mmol) were dissolved in acetonitrile (5 mL). The reaction mixture was stirred under nitrogen at 353 K for 24 h. The volume was reduced to 2 mL in vacuo. The solution was layered with diethyl ether (5 mL) and kept at −4°C for 24 h. The orange microcrystalline solid was filtered and washed with excess diethyl ether. Synthesis of Fe-5. Iron(II) triflimide (27.6 mg, 0.039 mmol), 2,7-bis(3-aminophenyl)pyrene (B, 15 mg, 0.039 mmol), NDI diamine C (8.8 mg, 0.020 mmol) and 2-formylpyridine (11.3 μL, 0.12 mmol) were dissolved in acetonitrile (5 mL). The reaction mixture was stirred under nitrogen at 353 K for 24 h. The volume was reduced to 2 mL in vacuo. The solution was layered with diethyl ether (5 mL) and kept at −4°C for 24 h. The deep purple microcrystalline solid was filtered and washed with excess diethyl ether. Yield 52 mg, 89%. 
